Modified Mercalli Intensity (MMI) classes, including relations to peak-ground-acceleration values (Wald and others, 1999) and impact descriptions (abridged from U.S. Geological Survey, 1989 
Introduction
This report documents the results of an initial analysis of population and business exposure to scenario earthquakes in Washington. This analysis was conducted to support the U.S. Geological Survey (USGS) Pacific Northwest Multi-Hazards Demonstration Project (MHDP) and an ongoing collaboration between the State of Washington Emergency Management Division (WEMD) and the USGS on earthquake hazards and vulnerability topics. This report was developed to help WEMD meet internal planning needs. A subsequent report will provide analysis to the community level.
The objective of this project was to use scenario ground-motion hazard maps to estimate population and business exposure to twenty Washington earthquakes. In consultation with the USGS Earthquake Hazards Program and the Washington Division of Geology and Natural Resources, the twenty scenario earthquakes were selected by WEMD ( fig. 1) . Hazard maps were then produced by the USGS and placed in the USGS ShakeMap archive (U.S. Geological Survey, 2010). The scenario earthquakes and their moment magnitudes for this study are:
Boulder Creek Fault M 6.8; Canyon River-Price Lake Fault M 7.4; Cascadia subduction zone megathrust M 9.0; Cascadia subduction zone megathrust (northern section) M 8. 
Methods
To describe population and business exposure to scenario earthquakes, geographic-informationsystem (GIS) tools were used to integrate publicly available hazard and socioeconomic data. Earthquake-hazard zones were delineated using GIS polygons that represent peak-ground-acceleration (PGA) values from the USGS ShakeMap archive (U.S. Geological Survey, 2010) . PGA values were translated and represented by Modified Mercalli Intensity (MMI) classes. MMI describes the severity of an earthquake in terms of its effect on humans and structures. We used MMI classes instead of PGA values at WEMD's request because MMI classes are more easily understood by emergency managers than PGA values. Societal-asset calculations focus on the number of residents and businesses in the various earthquake-hazard zones. These assets are determined because U.S. jurisdictions are encouraged to collect similar data as they develop State and local mitigation plans ( Before analysis, geospatial data were transformed to share the same datum (North American Datum of 1983, High Accuracy Reference Network, State Plane, Washington, South, FIPS 4602 Feet) and projection (Lambert Conformal Conic), thereby conforming to existing GIS data from the State of Washington's GIS database. Spatial analysis of vector data (for example, population polygons and business points) focused on determining whether or not points and polygons are inside earthquakehazard zones. Slivers of population polygons that overlap earthquake-hazard zones were taken into account during analysis, and final values were adjusted proportionately.
In the tables and stacked bar-graphs, we have chosen to summarize resident, employee, housing unit, and business counts only for MMI V and above. In discussion with WEMD staff, we agreed that peak-ground-acceleration values at MMI V represent the beginning of significant earthquake-related impacts and damages. Calculations at lower MMI levels are likely to be less useful to emergency managers and therefore were not performed.
The results summarized in this report should be considered first approximations of population and business exposure and not exhaustive inventories. The ShakeMap geospatial layers we received had explicit spatial boundaries. Therefore, certain MMI zones, especially lower classes (MMI V for many scenarios, as well as MMI VI for the SWIF southeastern scenario), were clipped at study-area boundaries and do not represent the entire area likely to experience a certain level of ground shaking. Finally, this assessment of population and business exposure to earthquake hazards is based on scenario earthquakes and ground-shaking models. The results are not definitive loss estimates and are designed solely to help local and State emergency managers in their earthquake preparedness and planning efforts.
Results
Data presented in this initial report were generated to provide information for the WEMD staff. A subsequent report will build on this initial analysis with results tailored to individual communities and counties that could be impacted by the various scenario earthquakes. Preliminary results are presented in both tables and graphs to satisfy various needs of emergency managers. Results reported here include the number of residents, occupied housing units, businesses, and employees in the areas affected by the various MMI classes related to the twenty earthquake scenarios. We also calculate the change in residential exposure to earthquake hazards between 1990 and 2000.
On the basis of the 2000 Census, there are millions of Washington residents living in areas prone to significant ground shaking (table 2; fig. 2 ). The earthquake scenario with the highest number of residents in earthquake-hazard zones (MMI V and greater) is a Cascadia subduction zone (CSZ) megathrust earthquake. More than 5 million people are living in zones prone to MMI V and above ground shaking for earthquakes along the entire CSZ (M 9.0) and also for just the northern section of the CSZ (M 8.0).
Although CSZ earthquakes represent the highest overall residential exposure in Washington, a M 7.4 earthquake within the Southern Whidbey Island Fault (SWIF) zone could expose the highest number of residents (more than 137,000) to the greatest ground shaking (MMI IX) projected for the State. A M 7.1 earthquake on the Tacoma Fault could also expose a significant number of residents (approximately 62,000) to MMI IX ground shaking. Earthquake scenarios for the CSZ are not projected to expose any populations in the State of Washington to MMI IX ground shaking. The exposure of occupied housing units, not surprisingly, follows the trends in residential exposure (table 3; fig. 3 ). Exposure of occupied housing units to MMI V to IX ground-shaking classes ranges from approximately 68,000 for a M 6.8 Hite Fault earthquake to more than 2 million for a CSZ earthquake. Earthquakes related to the SWIF (M 7.4) and the Tacoma Fault (M 7.1) would expose the greatest number of occupied housing units to the greatest ground-shaking potential (more than 51,000 and 23,000 housing units, respectively, to MMI IX shaking). Between 1990 and 2000, the exposure of residential populations has increased across the State of Washington (table 4; fig. 4 ). The greatest increases were related to CSZ earthquakes. Although residential exposure has increased between 1990 and 2000, a comparison of figures 2 and 4 suggests that increases in residential exposure are not unique to any one earthquake scenario and that population across the State of Washington increased fairly uniformly. The exposure of businesses to MMI V to IX ground-shaking classes ranges from approximately 6,500 for a M 6.8 Hite Fault earthquake to more than 200,000 for a CSZ earthquake (table 5; fig. 5 ). This analysis of business exposure does not differentiate between small businesses with only a few employees and large corporations with thousands of employees. A subsequent analysis of employee exposure accounts for variations in business size.
An earthquake related to the Seattle Fault (M 7.2) would likely have the greatest impact to business communities, as it could expose more than 55,000 businesses to MMI VIII ground shaking. Earthquake scenarios for the SWIF (M 7.4) and Tacoma Fault (M 7.1) would expose several thousands of businesses to MMI IX ground shaking (3,827 and 1,486, respectively) but would have significantly lower numbers of businesses in MMI VIII classes (14,339 and 14,950 businesses, respectively) than a Seattle M 7.2 earthquake scenario. In general, scenario earthquakes associated with the Seattle, SWIF, and Tacoma faults likely represent the greatest threats to businesses of the twenty scenarios in this study. The exposure of employees to MMI V to IX ground-shaking classes ranges from approximately 68,000 for a M 6.8 Hite Fault earthquake to more than 2.2 million for a CSZ earthquake (table 6; fig. 6 ). An earthquake related to the Seattle Fault (M 7.2) would likely have the greatest impact to business communities, as it could expose more than 678,000 employees to MMI VIII ground shaking. Again, earthquake scenarios for the SWIF (M 7.4) and Tacoma Fault (M 7.1) would expose significant numbers of employees to MMI IX ground shaking (42,737 and 9,567, respectively) but would have significantly lower numbers than a Seattle scenario in MMI VIII classes (both approximately one-third of Seattle Fault estimates). Figure 6. Employee exposure to scenario earthquakes in Washington.
